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Abstract 15 
Objectives: Maternal lifestyles, including diet, have been linked to infant birthweight. 16 
However, customised birthweight centiles (CBWC), which more accurately identify small 17 
babies that have increased fetal growth restriction and are at higher risk of newborn morbidity 18 
and later life health complications, are rarely considered when studying maternal diet. This 19 
study investigated maternal dietary patterns and their impact on infant CBWC within a cohort 20 
of women living in South Wales. 21 
Methods: This study utilised cross-sectional data from the longitudinal Grown in Wales (GiW) 22 
cohort. Women 18-45 years old were recruited the morning prior to an elective caesarean 23 
section (ELCS). Women completed a food frequency questionnaire (FFQ). Additional data on 24 
pregnancy and birth outcomes was extracted from medical notes. Data from 303 participants 25 
was analysed. 26 
Results: ‘Western’ and ‘Health conscious dietary patterns were identified. The ‘Health 27 
Conscious’ dietary pattern was significantly associated with maternal BMI, age, education, 28 
income and exercise. Adjusted regression analyses indicated that greater adherence to a ‘Health 29 
Conscious’ dietary pattern was significantly associated with increased CBWC (AOR = 4.75 30 
[95% CI: 1.17, 8.33] p = .010) and reduced risk of delivering a small-for-gestational age (SGA) 31 
infant (AOR = .51 [95% CI: .26, .99] p = .046).  32 
Conclusion: A healthier diet was significantly associated with higher birthweight using CBWC 33 
and a reduced risk of delivering an SGA infant suggesting that birthweight will be improved in 34 
areas of Wales by focused support encouraging healthier dietary habits.  35 
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Introduction 36 
Diet in pregnancy, whether balanced and healthy or unhealthy, can have important 37 
implications for birth weight and later life health. In Wales recent statistics indicate that 11.4% 38 
of live births were classified as high birthweight (HBW) [1], with a general shift towards 39 
heavier babies [2]. Despite this general increase in birthweight, 6.9% of live births were 40 
classified as low birthweight (LBW), with no significant improvements in LBW prevalence 41 
since 2011 [1]. Moreover, the prevalence of low birthweight in live births varies by as much 42 
as 3.1% across health boards in Wales, which cover areas of varying socioeconomic status, 43 
highlighting disparities in improvements in birthweight [3]. Specific studies of Welsh 44 
populations are important due to the devolution of responsibility for the National Health 45 
Service to the Welsh Assembly Government in 1999 resulting in differences between the 46 
nations on vital areas such as health systems [4], health priorities and health outcomes[5]. 47 
Consequently, it cannot be assumed that outcomes will be the same across nations.  48 
Traditionally, infants are classified as HBW if birthweight is 4kg or above and LBW if 49 
below 2.5kg [1]. LBW can be a consequence of a premature birth or fetal growth restriction 50 
(FGR) where the baby has not reached its genetic growth potential, or both factors [6], with 51 
different causes and consequences. However, issues have been highlighted with the traditional 52 
birthweight classification system, such as they cannot distinguish between infants born 53 
physiologically or pathologically small and utilise arbitrary cut-offs ensuring there is little 54 
difference between an infant born 2.49kg and 2.5kg, despite being classified as LBW and 55 
normal birthweight respectively [7, 8]. Custom birthweight centiles (CBWC) have been 56 
designed to address these issues and are calculated by adjusting for factors that may affect fetal 57 
growth; maternal height, weight, parity, ethnicity, gestational age and fetal sex. It is possible 58 
to classify infants according to their CBWC as small-for-gestational age (SGA), average-for-59 
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gestational age (AGA) or large-for-gestational age (LGA). LGA infants are those above the 60 
90th centile, whilst SGA infants are typically below the 10th centile, with SGA also considered 61 
a proxy measure for FGR. As SGA is based on standardised centiles, it is different from the 62 
unstandardised traditional population-based classification of LBW [9]. Consequently, CBWC 63 
are able to distinguish between infants born pathologically rather than physiologically small 64 
[9, 10] and provides more accurate classifications of SGA [11], thus preventing pregnancies 65 
from undergoing unnecessary investigation and intervention [12].  66 
SGA infants are at increased risk of neonatal morbidity [13] and mortality [14-16], adverse 67 
neurocognitive outcomes and development in childhood [17, 18], and longer term ill health 68 
including heart disease and related disorders of hypertension, stroke and diabetes [19].  69 
Delivering an SGA baby is also associated with future risk of maternal cardiovascular disease 70 
and death [9, 20]. Conversely, LGA has been associated with increased risk of obesity in 71 
childhood [21, 22]. 72 
Research has indicated that various factors may be related to infant birthweight outcomes, 73 
including maternal diet. Typically, studies have investigated this area by examining individual 74 
dietary components [23]. However, diet is varied and rarely consists of single dietary 75 
components, thus this method cannot account for or address intercorrelations between food 76 
groups [24]. Dietary patterns overcome this limitation and have been examined in pregnancy 77 
in various regions of Europe, including the UK [25-27], Spain [28], Finland [29] and Norway 78 
[30]. Studies have also investigated the relationship between dietary patterns and infant 79 
birthweight outcomes. Healthier diets are generally associated with increased birthweight, and 80 
thus lower risk of SGA or FGR [31, 32]. Conversely, evidence has largely indicated that 81 
unhealthy diets are related to lower birthweight and increased risk of SGA [32, 33]. However, 82 
only one study has applied customised birthweight measures that account for various maternal 83 
and child characteristics to study maternal diet [31], as typically studies adjust for only gender 84 
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and gestational age, although [34] did customise for ethnicity, crucial in a multiethnic cohort. 85 
Moreover, no studies have examined dietary patterns, alone or in relation to infant birthweight, 86 
for women living in Wales. The current study examined dietary patterns and the impact on 87 
infant birthweight outcomes via CBWC within the Grown in Wales (GiW) cohort. 88 
Materials and Methods 89 
Participant recruitment 90 
Full ethical approval for the study was obtained via the Wales Research Ethics 91 
Committee (REC), reference 15/WA/0004. The GiW cohort has previously been described in 92 
[35]. Briefly, the GiW cohort is a longitudinal study in the South Wales region of the United 93 
Kingdom, with women recruited and providing their written consent the morning prior to a 94 
booked elective caesarean section (ELCS) by research midwives at the University Hospital of 95 
Wales (UHW) between 1st September 2015 and 31st November 2016. Women were invited to 96 
participate in the study if it was a singleton pregnancy without fetal anomalies and infectious 97 
diseases. Biological samples were collected for a future study (maternal blood, maternal saliva, 98 
placenta and cord blood).  99 
Materials 100 
The current study specifically utilised data gathered the morning prior to a booked 101 
ELCS and from medical notes. An extensive questionnaire was completed by consented 102 
participants that included questions on sociodemographics and lifestyle (smoking, alcohol 103 
consumption, exercise and diet). Infant and placental weights were recorded by the research 104 
midwife, and where possible data on the pregnancy and outcome was also extracted from 105 
maternity notes. CBWC were calculated via the GROW bulk centile calculator (UK) [36], 106 
utilising data collected on maternal height, weight, ethnicity and parity as well as infant 107 
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birthweight, gender and gestational age. A food frequency questionnaire (FFQ) was 108 
specifically designed for the GiW study with information on diet collected on 17 items. Whilst 109 
this has not currently been formally validated, it was evaluated by a nutritionist with extensive 110 
practical experience of the typical diet of pregnant women living in Cardiff, to ensure that a 111 
sufficient range of food items was included on the basis of which diet could be simply assessed. 112 
The FFQ was reviewed for suitability by 10 women who were either pregnant or had recently 113 
given birth and then piloted with 289 pregnant participants. The FFQ required participants to 114 
rate the frequency of consumption of the various food items since becoming aware of the 115 
pregnancy. The frequency was rated on a five point scale as ‘never/rarely’, ‘once in 2 weeks’, 116 
‘2-3 times per week’, ‘once per day’ and ‘more than once per day’.  117 
Participants  118 
Initially, 355 women were recruited to the GiW study, of which seven withdrew. The 119 
study focused on Caucasian participants to obtain a homogenous local cohort sample, who were 120 
37 weeks gestation or above. Data from these 312 women was considered for inclusion in the 121 
current study. Participants missing five or more responses on the FFQ were excluded from the 122 
analysis. For those missing four or less responses, the missing responses were entered as 123 
‘never/rarely’. This left 303 women for the current analysis.  124 
Statistical analysis 125 
All analyses were undertaken utilising IBM SPSS Statistics Version 23. Dietary 126 
patterns were established through factor analysis, specifically principal component analysis 127 
(PCA) with orthogonal varimax rotation. Dietary pattern scores were generated for each 128 
participant to enable further analysis. Associations between variables and dietary patterns were 129 
identified via univariate and multiple linear regression, with those significant at the 0.05 level 130 
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in the univariate analysis included in a multiple linear regression, after assessing for 131 
multicollinearity via tolerance and VIF scores. To investigate associations between dietary 132 
patterns and CBWC, linear regression was again utilised, with models both unadjusted and 133 
adjusted for potential confounders identified from existing literature. As CBWC already 134 
controlled for various maternal characteristics as well as gestational age, these potentially 135 
confounding variables were maternal age, smoking during pregnancy, alcohol during 136 
pregnancy, exercise, gestational diabetes mellitus (GDM), conception and Welsh Index of 137 
Multiple Deprivation (WIMD) score. To investigate the relationship further, separate 138 
unadjusted and adjusted binary logistic regressions were also utilised to investigate the 139 
associations between dietary patterns and SGA compared to AGA and LGA compared to AGA, 140 
defined as < 10th centile and > 90th centile accordingly. Associations were considered 141 
significant if p < 0.05 and no data transformations took place prior to analysis. A post-hoc 142 
power calculation was conducted utilising G*Power (version 3.1.9.2) [37] to determine the 143 
suitability of the sample size in the main analysis investigating dietary patterns and CBWC, 144 
which utilised linear regression. Effect size (𝑓𝑓2) was set at .15 by utilising r2 = .130 from the 145 
analysis, and α error probability set at .05. This determined that n = 303 was sufficient to obtain 146 
statistical power > 95%.  147 
Results 148 
Demographics 149 
Following the exclusion criteria, data of 303 participants from the 355 recruited to the 150 
GiW cohort was utilised in the current analysis. Table 1 displays the demographic data for 151 
these participants. Categorical data are expressed as % (n) and continuous data as median 152 
(IQR). A comparison of demographic data for participants included and excluded from the 153 
study, with the exception of those participants who withdrew, can be found in S1 Table . 154 
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Table 1. Demographic data of the 301 participants in the analysis. 155 
Demographics % (n) or median (IQR) 
Maternal BMI at booking 26.17 (7.42) 
Maternal age at booking 33.00 (6.00) 
Parity, % (n)  
Multiparous 79.50 (241) 
Nulliparous 20.50 (62) 
Gestational weight gain (kg) 14.85 (7.88) 
GDM  
Yes 95.00 (285) 
No 5.00 (15) 
Fetal sex, % (n)  
Female 54.10 (164) 
Male 45.90 (139) 
CBWC 58.60 (48.90) 
Size for gestational age % (n)  
SGA 7.30 (22) 
AGA 78.20 (237) 
LGA 14.50 (44) 
Highest education level, % (n)  
Left before GCSE 5.80 (17) 
GCSE & Vocational 25.00 (73) 
A-level 12.30 (36) 
University 30.80 (90) 
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Postgraduate 26.00 (76) 
Family income, % (n)  
<18,000 9.10 (27) 
18 – 25,000 9.10 (27) 
25-43,000 19.80 (59) 
>43,000 50.00 (149) 
Do not wish to say 12.10 (36) 
Conception, % (n)  
Natural 95.70 (287) 
Assisted 4.30 (13) 
Smoking in pregnancya, % (n)   
No 89.70 (270) 
Yes 10.30 (31) 
Alcohol in pregnancya, % (n)   
No 65.20 (197) 
Yes 34.80 (105) 
Strenuous exercise, % (n)   
No 82.80 (250) 
Yes 17.20 (52) 
WIMD scoreb  1267.00 (1266.00) 
BMI, Body Mass Index; GDM, Gestational diabetes mellitus; CBWC, Custom 156 
Birthweight Centile; SGA, Small-for-gestational age; AGA, Average-for-gestational 157 
age; LGA, Large-for-gestational age; WIMD, Welsh Index of Multiple Deprivation 158 
aAt any point in pregnancy 159 
bWIMD score has a possible range of 1 to 1909, with a low score indicative of an area 160 
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of higher deprivation and conversely a high score indicative of an area of lower 161 
deprivation. 162 
Dietary patterns 163 
Principal component analysis (PCA) with orthogonal varimax rotation was utilised to 164 
analyse the FFQ data. The scree plot, variance explained by each factor, factor loadings and 165 
subjective criteria (simplicity and interpretability) were utilised to determine the appropriate 166 
number of factors to derive. Solutions with differing numbers of factors were also assessed to 167 
determine suitability. Using this strategy, a solution with two factors was identified as best 168 
describing the dietary patterns in this study. The two dietary patterns explained 30.25% of the 169 
total variance within the data, the factor loadings of which are displayed in Table 2. Food items 170 
with factor loadings of ≥ 0.30 or ≤ -0.30 were considered to be strongly associated with the 171 
factor, and thus descriptive of that dietary pattern.  172 
Table 2. Dietary patterns within the GiW cohort, identified by principal component 173 
analysis.  174 
Food item Western Health 
conscious 
Cakes/biscuits/icecream .71 -.11 
Chips/crisps .65 -.21 
Processed meat .54 -.15 
Takeout  .54 -.15 
Chocolate .53 -.05 
Soft drinks .43 -.21 
Milk .41 .27 
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Unprocessed meat .41 .11 
Bread/cereals/potatoes/rice/pasta .40 .25 
Caffeine .35 .03 
Salad/veg -.04 .76 
Dried fruit -.11 .69 
Fruit -.10 .60 
Supplements  -.13 .49 
Meat alternatives .02 .45 
Fish/shellfish  -.04 .43 
Cheese/yoghurt .11 .41 
 175 
The dietary patterns identified in Table 2 were labelled ‘Western’ and ‘Health 176 
conscious’ respectively. These labels were selected with consideration for existing literature 177 
investigating dietary patterns. The ‘Western’ dietary pattern explained 17.66% of variance and 178 
was characterised by high factor loadings on cakes/biscuits/icecream, chips/crisps, processed 179 
meat, takeout, chocolate, soft drinks, milk, unprocessed meat, bread/cereals/potatoes/rice/pasta 180 
and caffeine. The ‘Health conscious’ dietary pattern explained 12.59% of variance and was 181 
characterised by high factor loadings on salad/veg, dried fruit, fruit, supplements, meat 182 
alternatives, fish and cheese/yogurt. 183 
Dietary patterns and associated variables 184 
Analysis of variables potentially associated with each dietary pattern was undertaken 185 
utilising linear regression. At the univariate level (Table 3) maternal age, strenuous exercise 186 
and WIMD score were significantly negatively associated and categories within education and 187 
income as well as smoking in pregnancy were significantly positively associated with the 188 
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‘Western’ dietary pattern. Additionally maternal BMI, lower education categories, income and 189 
smoking in pregnancy were significantly negatively associated and maternal age, a 190 
postgraduate education and WIMD score were significantly positively associated with the 191 
‘Health conscious’ dietary pattern. 192 
Table 3. Univariate associations with GiW dietary patterns, identified by linear 193 
regression. 194 
 ‘Western’ ‘Health conscious’ 
 B 95% CI B 95% CI 
Fetal sex     
Female ref  ref  
Male .02 -.20, .25 .18 -.04, .41 
Maternal BMI at booking .01 -.01, .03 -.04*** -.06, -.02 
Maternal age at booking -.03** -.05, -.01 .07*** .05, .09 
Parity     
Multiparous ref  ref  
Nulliparous .16 -.13, .44 -.08 -.36, .20 
Gestational weight gain 
(kg) 
.00 -.02, .01 .00 -.01, .02 
Gestational Diabetes 
(GDM) 
    
No ref  ref  
Yes -.11 -.63, .42 .27 -.25, .79 
Highest education level     
Left before GCSE .54** .02, 1.06 -.66** -1.14, -.19 
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GCSE & 
Vocational 
.35** .04, .66 -.76*** -1.04, -.47 
A-level .10 -.29, .49 -.73*** -1.08, -.37 
University ref  ref  
Postgraduate -.06 -.37, .25 .30** .02, .57 
Family income      
<18,000 .16 -.25, .56 -.92*** -1.31, -.53 
18 – 25,000 .42** .02, .83 -.42** -.81, -.03 
25-43,000 -.02 -.32, .28 -.61*** -.90, -.32 
>43,000 ref  ref  
Do not wish to say .60** .24, .96 .37** -.72, -.02 
Conception     
Natural ref  ref  
Assisted .04 -.52, .59 .09 -.46, .65 
Smoking in pregnancya      
No ref  ref  
Yes .43** .06, .80 -.53** -.90, -.16 
Alcohol in pregnancya      
No ref  ref  
Yes .02 -.22, .26 .01 -.22, .25 
Strenuous exercise      
No ref  ref  
Yes -.31** -.60, -.01 .59** .29, .88 
WIMD score -2.68x10-
4** 
-4.44x10-4, -
9.14x10-5 
2.41x10-
4** 
6.54x10-5, 
4.17x10-4 
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Ref, Reference; BMI, Body mass index; WIMD, Welsh Index of Multiple Deprivation. 195 
aAt any point in pregnancy.  196 
** p < .05, *** p <.001. 197 
All variables significant at p < 0.05 at the univariate level were considered for inclusion 198 
in the adjusted multiple regression analysis. Multicollinearity was assessed via tolerance and 199 
VIF scores and found not to be present. At the multiple regression level (Table 4), no variables 200 
remained significantly associated with the ‘Western’ dietary pattern at a stringent cut-off of p 201 
= 0.05. However, maternal BMI, lower education categories and a category within income 202 
were significantly negatively associated and maternal age, a category within income and 203 
strenuous exercise were significantly positively associated with the ‘Health conscious’ dietary 204 
pattern.  205 
Table 4. Associations with GiW dietary patterns, identified by multiple linear regression.  206 
Variable ‘Western’ ‘Health conscious’ 
 AOR 95% CI AOR 95% CI 
Maternal BMI at booking .01 -.02, .03 -.03** -.05, -.01 
Maternal age at booking -.03* -.06, .00 .05*** .03, .08 
Highest education level     
Left before GCSE .13 -.48, .74 -.56** -1.08, -.03 
GCSE & 
Vocational 
.22 -.13, .57 -.64*** -.94, -.34 
A-level -.06 -.47, .35 -.55** -.90, -.20 
University ref  ref  
Postgraduate .04 -.27, .35 .15 -.12, .41 
Family income     
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<18,000 -.45* -.97, .07 .03 -.42, .47 
18 – 25,000 -.21 -.73, .31 .39* -.06, .84 
25-43,000 -.24 -.55, .08 -.32** -.60, -.05 
>43,000 ref  ref  
Do not wish to say .34 -.10, .78 .20 -.18, .58 
Smoking in pregnancya      
No ref  ref  
Yes .33 -.11, .77 -.26 -.64, .13 
Strenuous exercise      
No ref  ref  
Yes -.20 -.51, .12 .38*** .10, .65 
WIMD score  -1.72x10-
4 
-3.82x10-4, 
3.80x10-5 
-1.50x10-
4 
-3.31x10-4, 
3.30x10-4 
AOR, Adjusted odds ratio; Ref, Reference; BMI, Body mass index; WIMD, Welsh 207 
Index of Multiple Deprivation. 208 
AOR = the unstandardised coefficient B 209 
aAt any point in pregnancy. 210 
* p <.10, ** p < .05, *** p <.001 211 
Dietary patterns and custom birthweight centiles (CBWC) 212 
Multiple linear regression was utilised to investigate the association between dietary 213 
patterns and CBWC (Table 5). The unadjusted analysis identified that only the ‘Health 214 
conscious’ dietary pattern was significantly associated with CBWC (p = < 0.001). This 215 
significant association remained when the analysis was adjusted for potential confounding 216 
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variables. Specifically, for each 1 unit increase in ‘Health conscious’ dietary pattern score, 217 
CBWC increased by 4.75.  218 
Table 5. Unadjusted and adjusted multiple linear regression: The association between 219 
dietary patterns and CBWC. 220 
 221  
 222 
 223 
 224 
 225 
*Maternal age, smoking during pregnancy, alcohol during pregnancy, exercise, 226 
GDM, conception & WIMD score. 227 
Dietary patterns and classification of size for gestational age 228 
To further understand the relationship between dietary patterns and infant birthweight, 229 
the association between dietary patterns and SGA and LGA infants was investigated. Separate 230 
analyses were undertaken for SGA and LGA, with both compared to AGA. Unadjusted binary 231 
logistic regression between dietary patterns and SGA compared to AGA revealed only the 232 
‘Health conscious’ dietary pattern to be significantly associated (Table 6). This significant 233 
association remained when adjusted for potential confounding variables, with a 1 S.D increase 234 
in ‘Health conscious’ dietary pattern score reducing the odds of delivering an SGA infant 235 
compared to an AGA infant by a factor of 0.51. Binary logistic regression was also utilised to 236 
investigate the association between dietary patterns and LGA compared to AGA (Table 6). 237 
Neither dietary pattern was found to be significantly associated with LGA, unadjusted or 238 
adjusted.   239 
Model Dietary pattern P B 95% CI 
Unadjusted Western  .109 -2.64 -5.87, .59 
 Health Conscious <.001 5.81 2.58, 9.04 
     
Adjusted* Western  .297 -1.76 -5.07, 1.55 
 Health Conscious .010 4.75 1.17, 8.33 
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 240 
Table 6. Unadjusted and adjusted binary logistic regression: Association between dietary 241 
patterns and SGA compared to AGA and LGA compared to AGA. 242 
 243 
 Model Dietary pattern P β 95% CI 
SGA Unadjusted Western  .142 1.38 .90, 2.13 
  Health Conscious  .002 .45 .27, .75 
      
 Adjusted*  Western .850 1.06 .61, 1.84 
  Health Conscious  .046 .51 .26, .99 
      
LGA Unadjusted Western  .780 .96 .69, 1.32 
  Health Conscious .099 1.33 .95, 1.86 
      
 Adjusted* Western .849 1.04 .72, 1.50 
  Health Conscious  .228 1.29 .85, 1.94 
* Maternal age, smoking during pregnancy, alcohol during pregnancy, exercise, GDM, 244 
conception & WIMD score. 245 
 246 
Discussion 247 
The aim of this study was to investigate dietary patterns during pregnancy and their 248 
association with infant birthweight outcomes utilising CBWC in a cohort of women living in 249 
Wales. Two dietary patterns were identified within this cohort: ‘Western’ and ‘Health 250 
conscious’. Higher adherence to the ‘Health conscious’ dietary pattern was associated with 251 
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higher maternal age, undertaking strenuous exercise and an income of £18 – 25,000, whereas 252 
lower adherence was associated with higher maternal BMI, lower educational attainment and 253 
an income of £25-43,000. A greater adherence to the ‘Health conscious’ dietary pattern was 254 
associated with increased CBWC, or higher birthweight, and a significantly reduced risk of 255 
delivering an SGA infant.  256 
Due to the population-specific nature of dietary patterns that are driven by data, making 257 
comparisons to other published research is challenging.  Nevertheless, despite differences in 258 
the naming of dietary patterns, similarities can be identified within the dietary pattern 259 
characteristics. The ‘Health conscious’ dietary pattern in the current study is consistent with 260 
versions of healthy or prudent dietary patterns identified in numerous studies investigating 261 
dietary patterns [38, 39], including that found in a large UK based cohort study [27]. 262 
Additionally, the ‘Western’ dietary pattern in the current study relates to unhealthy dietary 263 
patterns in previous literature, including the ‘Snack’ and ‘Processed’ patterns within another 264 
UK-based study [26] and the ‘Western’ dietary pattern identified within a large Australian 265 
cohort [40]. However, differences can be seen when considering [29] and [30], based in Finland 266 
and Norway respectively, especially when regarding more ‘traditional’ patterns influenced by 267 
culture, highlighting the population-specific nature of dietary patterns.  268 
The identified association between greater adherence to the ‘Health conscious’ dietary 269 
pattern, increased birthweight and reduced risk of delivering an SGA infant in the GiW cohort 270 
is also supported by existing literature. A comprehensive review by [32] concluded that dietary 271 
patterns characterised by high intakes of vegetables, fruits and dairy products were associated 272 
with reduced risk of SGA. Similarly [31] identified that high adherence to a ‘Mediterranean’ 273 
dietary pattern reduced the risk of a growth restricted infant in terms of weight, although the 274 
specific dietary pattern differed between regions in Spain and Greece. Moreover, whilst not an 275 
investigation of specific dietary patterns, [41] concluded that greater adherence to the 276 
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Alternative Healthy Eating Index was related to reduced SGA risk. Interestingly, [34] identified 277 
that in white Europeans a plant-based dietary pattern was associated with lower birthweight 278 
and increased SGA risk, highlighting the influence ethnicity may have in this area. However, 279 
our results differ from the conclusions drawn in the [32] review in that we did not observe that 280 
the unhealthier dietary pattern was associated with decreased birthweight or increased SGA 281 
risk. This may be due to our use of CBWC, the methodology utilised to measure diet or specific 282 
characteristics of our population.  283 
CBWC are a relatively recent introduction to studies on birthweight despite being 284 
recommended in the UK by the Royal College of Obstetricians and Gynaecologists since 2002 285 
[42]. We were able to find only one published study exploring maternal diet in relation to 286 
CBWC that had been adjusted for various maternal and infant characteristics [31], which 287 
reported a higher adherence to a meditaranean diet reduced the risk of delivering a growth 288 
restricted infant and increased birthweight only in mothers who smoked. It will be important 289 
to review existing data in the context of this more accurate approach to classifying infants. 290 
Diet was ascertained using a FFQ which provide a longer-term representation of diet 291 
during the pregnancy compared with other commonly utilised self-report methods, such as 24 292 
hour dietary recalls [24]. Participants are required to reflect on their diet throughout the 293 
pregnancy rather than for a shorter specific period. While the FFQ was completed at only one 294 
timepoint, [28] demonstrated that dietary patterns do not change significantly throughout 295 
pregnancy, and thus one time point accurately reflects the pregnancy period. However, a 296 
potential limitation of our methodology is the relatively small size of our FFQ with 17 items. 297 
The questionnaire was evaluated by an experienced dietician to ensure that it could simply 298 
assess diet through a sufficient range of food items, reviewed for suitability and successfully 299 
piloted. Nevertheless, the FFQ has not currently been formally validated and a more extensive 300 
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questionnaire might have increased sensitivity. Even so, we were still able to distinguish 301 
distinct patterns and associations with birth outcomes. 302 
A second limitation is the size of our target population. Following the exclusion criteria, 303 
data of 303 participants from the 355 recruited was analysed. While small, the study was highly 304 
focused including only women recruited the morning prior to an ELCS by two research 305 
midwives with singleton pregnancies and no known infection or fetal anomaly. Moreover, we 306 
analysed data from only Caucasian participants, constituting 91% of the cohort recruited, to 307 
minimise the heterogeneity which can introduce potential confounders or ‘noise’ in smaller 308 
studies, negatively influencing results [43]. While this focus overcomes some of the limitations 309 
of a small study size, it does mean that our findings may not be applicable to other modes of 310 
delivery or ethnicities in Wales. These limitations should be taken into account when 311 
considering the reported association between the ‘Health conscious’ dietary pattern and 312 
reduced SGA risk.  Nonetheless, this is still an important population to study as white Welsh 313 
are considered a distinct ethnicity in the UK [44] and the global incidence of caesarean sections 314 
(CS) has nearly doubled in recent years [45, 46]. In Wales alone in 2015-2016 there were 315 
30,254 deliveries of which 26% were by caesarean with 11.8% being elective procedures [47]. 316 
Despite this high and increasing incidence of CS we could not identify any other research 317 
investigating dietary patterns and birthweight in this population. Moreover, whilst this was a 318 
relatively well-educated population with a high level of family income, there was still a range 319 
of education and income levels present, which potentially reduces the issue of 320 
representativeness of the overall Welsh population. Further explorations in a larger sample will 321 
be required to elucidate the presence or absence of the reported associations in the wider 322 
population. 323 
Whilst studies have investigated dietary patterns in pregnancy, both alone and in relation to 324 
birthweight, no existing studies were identified that reported on maternal dietary pattern in 325 
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Wales, despite the differences in healthcare to other UK nations. Moreover, existing studies 326 
rarely utilise CBWC despite the advantages of this method. The current study identified two 327 
dietary patterns within the GiW cohort; ‘Western’ and ‘Health conscious’. A healthy diet was 328 
found to be associated with higher CWBC, or increased birthweight, and reduced risk of 329 
delivering an SGA infant. This might suggest a protective role against poor infant outcomes. 330 
More should be done to highlight the link between healthy diet and heathy infant birthweight 331 
in Wales, with focused behavioural interventions in areas of Wales encouraging healthier 332 
dietary habits to improve pregnancy outcomes for both infant and mother.  333 
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